Creativity is an important ingredient in problem solving, and problem solving is an important activity for both individuals and societies. This paper discusses our novel approach of discovering the structure of problem-solving creativity with statistical methods, and mapping the interaction patterns of group processes to their performances through the discovered creativity structure. Our discussion is based on a lab study data set using the meeting mediator system through which we collected objective quantitative data. We hope our findings and quantitative approach could be applied to many other real-world problem-solving processes and to helping people.
INTRODUCTION
In this paper, we will discuss the creative process, and the relationship between creativity and performance of solving a 20-questions game by a group of people. We will base our discussion on the meeting mediator data set [3] . We note that the group brainstorming and decision making processes in the meeting mediator data set are representative of the group processes in many task groups.
The meeting mediator is a system that detects and displays group dynamics. Its goal is to quantitatively measure the group's interaction pattern and provide real-time feedback to promote change in the group's behavior. A more detailed description and pictures of a meeting mediator can be found in the work of Kim et al. [3] .
The meeting mediator data set involves over 40 groups solving two 20-questions games [1] . We split each task into two parts: Each group of four persons is first required to brainstorm as many ideas as possible that is compatible with a partially finished game -a list of 10 yes/no questions and the corresponding answers (cf. , Fig 1(a) ) -in eight minutes. The group is then required to ask as few questions as possible through its leader to get the answer. Each group was instructed that collaboration was important to group performances prior to its tasks. The task-groups were randomly assigned one of four labels: A, B, C and D. To test the effect of feedback on the groups' behavior, the members in the groups labeled with C or D were not allowed to see the feedback of the meeting mediators. In the following, we will simply refer the groups labeled with C or D as groups without meeting mediators.
The data about each group process in the meeting mediator data set consist of: (1) the features about the group dynamics and captured by the meeting mediators worn by the experiment subjects, in particular at each sample time whether an individual subject is speaking, how he moves his body, and how he orients his body in relation to the others; (2) the facts related to the group performances, including the ideas generated by each team/individual in the brainstorming sessions, the times spent for every single groups to generate every single questions; and (3) the surveys, in particular those about the subjects' own opinions on the group dynamics and group performances.
BRAINSTORMING & DECISION MAKING
A brainstorming session such as one in the meeting mediator data set can be viewed as a diffusion process. The subjects in the session randomly get new ideas around the ideas they have had in a network of ideas. By comparing the ideas generated by different groups, we could find the structure of creativity related to the brainstorming session (cf., Fig. 1(d) ). Specifically, if two ideas often coexist in brainstorming outcomes, we have good reason to believe that they are close in the network of ideas. Knowing the structure of the brainstorming ideas, we could be able to estimate the number of questions to be asked by a group from the ideas generated by the group in the brainstorming session: When the answer is in the set of brainstorming ideas, a group can identify the answer with around additional log 2 |S| questions, where S is the set of brainstorming ideas. When the answer is not in the brainstorming ideas, the group will use around log 2 |S| steps to realize this fact, plus additional d(S, n)/|S| 0.5 number of steps to reach the answer, where d(S, n) represents the dis- tance from the answer n to the focus of the group and |S| 0.5 represents how fast the group thinks (cf., Fig. 1(b) ).
INDIVIDUAL PARTICIPATION LEVELS & GROUP PERFOR-

MANCES
We used the speaking/non-speaking time series corresponding to the group members derived from the meeting mediators. These signals are then fed into an influence model [2] to get the corresponding role assignment time series. The statistics that we can think of are subsequently computed and tested for their predictability of group performances. Among the group process statistics that we tested, the number of simultaneous speakers is the best linear predictor of the group brainstorming performance in terms of either the total number of ideas or the total number of unique correct ideas generated by a group. (R 2 ≥ .33, p < .001 for task 1 brainstorming and R 2 ≥ .35, p < .001 for task 2 brainstorming.) This can be explained by our observation that a group uses most of its time in enumerating and testing ideas, and that our human subjects have comparable skills.
By encouraging interaction and engagement, the meeting mediators made noticeable improvements in regularizing the group behavior in the task-group processes without sacrificing performance, and the regularization pays off in performance when the task becomes harder. The more regularized and predictable group behavior has merits in management. In the experiments, the groups equipped with meeting mediators have their performances more linearly-predictable from the interactions in them (R 2 ≈ .40 for groups with meeting mediators and R 2 ≈ .20 for groups without, cf. Fig. 1(c) ). Indeed in performing task 2, even the groups not equipped with meeting mediators intrinsically had more interactions among their members, and their performances are more predictable from the amount of interactions in them. Recall that the overall R-squared statistic increases from .32 to .35 when the groups coped with the harder task (task 2). The meeting mediators also made the group members more considerate and the decision-making faster, as was discussed by Kim et al. [3] .
